The purpose of this study is to examine the prevalence of postconcussion-like symptoms in patients with depression. Participants were 64 physician-diagnosed inpatients or outpatients with depression who had independently-confirmed diagnoses on the Structured Clinical Interview for DSM-IV. All completed the British Columbia Postconcussion Symptom Inventory, a 16-item measure designed to assess the frequency and severity of symptoms based on ICD-10 criteria for postconcussion syndrome. Specific endorsement rates of postconcussion-like symptoms ranged from 31.2% to 85.6% for symptoms rated mild or greater, and from 10.9% to 57.8% for symptoms rated moderate-to-severe. Approximately 9 out of 10 patients with depression met liberal self-report criteria for a postconcussion syndrome and more than 5 out of 10 met conservative criteria for the diagnosis. Implications for forensic neuropsychology will be discussed. © 2006 National Academy of Neuropsychology. Published by Elsevier Ltd. All rights reserved. The persistent postconcussion syndrome is believed to be due to the biological effects of the injury, psychological factors, or a combination of both (Binder, 1986; Brown, Fann, & Grant, 1994; Cicerone & Kalmar, 1995; Heilbronner, 1993; Lishman, 1986; Youngjohn, Burrows, & Erdal, 1995) . This is a challenging and potentially contentious diagnosis, of course, because postconcussion-like symptoms are common in healthy subjects (Gouvier, Uddo-Crane, & Brown, 1988; Iverson & Lange, 2003; Machulda, Bergquist, Ito, & Chew, 1998; Mittenberg, DiGiulio, Perrin, & Bass, 1992; Sawchyn, Brulot, & Strauss, 2000; Trahan, Ross, & Trahan, 2001; Wong, Regennitter, & Barrios, 1994) in patients with no history of brain injury, such as outpatients seen for psychological treatment (Fox, Lees-Haley, Ernest, & DolezalWood, 1995), depressed university students (Gunstad & Suhr, 2004; Suhr & Gunstad, 2002) , outpatients seen for minor medical problems (Lees-Haley & Brown, 1993) , personal injury claimants (Dunn, Lees-Haley, Brown, Williams, & English, 1995; Lees-Haley & Brown, 1993) , patients with post-traumatic stress disorder (Foa, Cashman, Jaycox, & Perry, 1997) , patients with orthopedic injuries (Mickeviciene et al., 2004) , individuals with chronic pain (Gasquoine, 2000; Iverson & McCracken, 1997; Radanov, Dvorak, & Valach, 1992; Smith-Seemiller, Fow, Kant, & Franzen, 2003) , and patients with whiplash (Sullivan, Hall, Bartolacci, Sullivan, & Adams, 2002) . Thus, the differential diagnosis of the persistent postconcussion syndrome is very challenging.
condition, are similar to the postconcussion syndrome. For example, the diagnostic criteria for major depression include the following symptoms: (a) diminished ability to think or concentrate, (b) indecisiveness, (c) fatigue or loss of energy, and (d) sleep problems (DSM-IV; American Psychiatric Association, 1994, p. 327 ). In addition, major depression often is associated with irritability, excessive worry over one's health, and headaches (American Psychiatric Association, 1994, p. 323) . Common lifestyle and psychosocial problems include strained social relationships, marital and family distress, occupational problems, academic problems, and substance abuse (American Psychiatric Association, 1994, p. 323) . It is extremely difficult to determine if a person's self-reported symptoms are due to depression, a persistent postconcussion syndrome, or both because many of the symptoms are identical in these conditions.
The psychology, neuropsychology, and neurobiology of depression create major challenges for differential diagnosis. Patients with depression are expected to have cognitive complaints. Perceived cognitive impairment is a cardinal feature of depression (American Psychiatric Association, 2000) . These perceived cognitive problems might merely reflect a psychological "perception" in some patients. However, there is compelling direct and indirect evidence from neuropsychological investigations (Austin et al., 1999; Benoit et al., 1992; Channon, 1996; Channon & Green, 1999; Degl'Innocenti, Agren, & Backman, 1998; Ellis, 1991; Ilsley, Moffoot, & O'Carroll, 1995; Lemelin, Baruch, Vincent, Everett, & Vincent, 1997; Merriam, Thase, Haas, Keshavan, & Sweeney, 1999; Rajkowska et al., 1999; Sternberg & Jarvik, 1976; Weingartner, Cohen, Murphy, Martello, & Gerdt, 1981; Wolfe, Granholm, Butters, Saunders, & Janowsky, 1987; Zakzanis, Leach, & Kaplan, 1998) , structural neuroimaging studies (Rajkowska et al., 1999; Sheline, Sanghavi, Mintun, & Gado, 1999; Soars & Mann, 1997) , and functional neuroimaging studies (Baxter et al., 1989; George, Ketter, & Post, 1994; Mayberg, Lewis, Regenold, & Wagner, 1994 ) that some patients with depression are likely to have neurophysiologically-based changes in cognitive functioning.
Depression has been conceptualized as a multidimensional, system-level disorder affecting discrete yet functionally integrated pathways (Mayberg, 1997) . Structural imaging studies have revealed volume loss in the ventral medial prefrontal cortex, hippocampus, and amygdala (Rajkowska et al., 1999; Sheline et al., 1999; Soars & Mann, 1997) , and functional imaging studies have revealed hypometabolism involving dorsolateral, ventral, and orbital frontal cortices (Baxter et al., 1989; George et al., 1994; Mayberg et al., 1994) .
Clinicians typically rely on history and self-reported symptoms for diagnosing postconcussion syndrome, although deficits on neuropsychological testing are required to meet DSM-IV Research Criteria. Nonetheless, our colleagues in general medicine, psychiatry, physical medicine and rehabilitation, neurology, and neurosurgery frequently make the diagnosis without neuropsychological testing. Therefore, it is important to better understand the reporting of these symptoms in clinical samples.
The purpose of this study is to examine the prevalence of postconcussion-like symptoms in patients with depression on a new scale that was patterned after the International Classification of Diseases-10th Edition criteria (ICD-10; World Health Organization, 1992) . It was hypothesized that postconcussion-like symptoms would be endorsed very frequently in this sample, and that many patients would meet diagnostic criteria for a postconcussion syndrome.
Method

Subjects and procedures
Patients with depression were referred by their psychiatrist or family physician (N = 64). All subjects were administered the Structured Clinical Interview for DSM-IV (SCID-I). The SCID-I is a semi-structured clinical interview used to establish DSM-IV Axis I diagnoses. The version of the SCID-I used in this study was the nonpatient (NP) research version 2.0, August 1998 revision (First, Spitzer, Gibbon, & Williams, 1998) . All patients in the "depressed" group had a SCID diagnosis of major depressive disorder (92%), dysthymic disorder (5%), or depressive disorder NOS (3%). The diagnoses of the clinicians (i.e., family physician or psychiatrist) corresponded to the diagnoses derived from the SCID-I interview the majority of the time. Specifically, the clinicians and the SCID raters agreed on a diagnosis of major depressive disorder in 81% of the cases. The clinicians diagnosed dysthymic disorder in eight patients, but the SCID rater diagnosed major depressive disorder in seven of these patients. In three patients, the SCID rater diagnosed dysthymic disorder, but the clinician diagnosed major depressive disorder in two of these cases. Thus, in approximately 18% of the patients, there was diagnostic disagreement between the SCID rater and the clinician. Nonetheless, all patients were diagnosed independently by both a physician and the SCID examiner as having a depressive disorder. The average age for the patients with depression was 41.1 years (S.D. = 12.5), and their average education was 14.6 years (S.D. = 3.2). Approximately 71% of the sample was female.
There was no significant difference on the total score derived from the postconcussion scale (described below) between men (M = 20.1, S.D. = 11.2) and women (M = 21.3, S.D. = 10.5; p < .69). Thirteen of the 64 patients reported a history of concussion or traumatic brain injury with loss of consciousness at some point in their lives. There was no significant difference on the total score derived from the postconcussion scale between those with (M = 22.5, S.D. = 12.6) and those without (M = 20.5, S.D. = 10.2) a history of self-reported concussion (p < .55). Therefore, to increase the heterogeneity and generalizability of the sample, these subjects were retained.
Measure
The British Columbia Postconcussion Symptom Inventory (BC-PSI) is an unpublished, 16-item measure designed to assess the presence and severity of postconcussion symptoms (see Appendix in Iverson & Gaetz, 2004) . The test was based on ICD-10 (World Health Organization, 1992) criteria for postconcussion syndrome, and requires the test taker to rate the frequency and intensity of 13 symptoms (i.e., headaches, dizziness or light-headedness, nausea or feeling sick, fatigue, sensitivity to noises, irritability, sadness, nervousness or tension, temper problems, poor concentration, memory problems, reading difficulty, and sleep disturbance), and the effect of three life problems on daily living (i.e., greater present versus past effects of alcohol consumption, worrying and dwelling on symptoms, and self-perception of brain damage). The three life problems are rated on a scale from one to five, where 1 = "not at all" and 5 = "very much".
The 13 psychological symptoms are rated on a six-point Likert-type rating scale that measures the frequency and intensity of each symptom in the past two weeks. Frequency ratings range from 0 = "not at all" to 5 = "constantly". Intensity ratings range from 0 = "not at all" to 5 = "very severe problem". To score the BC-PSI, the two ratings are multiplied together (how often × how bad) by the examiner to create a single score for each item. These productbased scores are then converted to item scores that reflect both the frequency and intensity of symptom endorsement (range = 0-4). Item product scores convert to item total scores as follows: 0-1 = 0, 2-3 = 1, 4-6 = 2, 8-12 = 3, and 15+ = 4. Item scores of 3 or higher are considered to reflect moderate to severe symptom endorsement, and scores from 1 to 2 reflect mild endorsement of the symptom (i.e., the frequency and severity of the symptom is considered to be sub-clinical). These assumptions are based on both content-driven practical interpretations as well as empirical considerations. Therefore, at this stage of test development, scores of three or higher are referred to as "moderate-severe" symptoms, while scores of 1-2 are referred to as "mild" symptoms.
Results
The percentages of the 13 postconcussion-like symptoms from the BC-PSI in the sample are presented in Table 1 . Specific endorsement rates of BC-PSI postconcussion symptoms ranged from 31.2% to 85.6% for symptoms rated mild or greater. Endorsement rates ranged from 10.9% to 57.8% for symptoms rated moderate-to-severe.
The frequencies of item endorsement for the three life problems are presented in Table 2 . The majority of participants did not endorse two of the three life problem items. Approximately 39% of the sample indicated that they had experienced increased effects of alcohol in the past two weeks, and 28% were concerned about having damage to their brains. The majority of patients (75%) indicated that they worry or dwell about postconcussion-like symptoms, with approximately 22% of the sample experiencing this symptom somewhat to very much.
The percentages and cumulative percentages of the total number of mildly and moderately-severely endorsed postconcussion-like symptoms are presented in Table 3 . When considering symptoms endorsed as mild or greater, 89% endorsed three or more symptoms, 75% endorsed seven or more of the symptoms, and 19% endorsed 11 or more postconcussion-like symptoms. When considering more clinically relevant symptoms (those rated as moderate or severe), three or more symptoms were endorsed by 72% of the sample, 27% endorsed 7 or more symptoms, and 2% endorsed more than 11 symptoms.
Symptom endorsement was compared to diagnostic criteria for postconcussion syndrome from the DSM-IV. Six of the eight DSM-IV Category C symptoms are represented on the BC-PSI. The majority of subjects (85.9%) endorsed Ratings were based on a 5-point Likert-type scale: 1 = not at all, 3 = somewhat, and 5 = very much. three or more DSM-IV Category C symptoms. Over half of the sample (53.1%) endorsed three or more of these symptoms at a clinically significant level (moderate-to-severe). For exploratory purposes, the rates of DSM-IV diagnosis were computed again based on more rigorous criteria. To be diagnosed, the patient must have at least mild headaches or dizziness as one of their three Category C symptoms. Applying this criterion, 60.9% met criteria based on at least mild endorsement for each symptom, and 39.1% met criteria based on moderate-severe endorsement of each symptom. Next, the patient was required to have moderate to severe headaches or dizziness as one of their three Category C symptoms. Applying this criterion, 32.8% met criteria based on at least mild endorsement for each additional symptom, and 28.1% met criteria based on moderate-severe endorsement of each additional symptom.
Symptom endorsement was compared to diagnostic criteria for postconcussion syndrome from the ICD-10. All diagnostic criteria from the ICD-10 are represented on the scale. These criteria are grouped into six categories. The specific rates of endorsement for the six mildly endorsed and moderately-severely endorsed symptom categories for the ICD-10 were as follows: (1) headaches, dizziness, general malaise and excessive fatigue, or noise intolerance = 92.2% and 65.6%; (2) irritability, emotional liability, depression, or anxiety = 87.5% and 68.8%; (3) subjective complaints of concentration or memory difficulty = 78.1% and 54.7%; (4) insomnia = 78.1% and 53.1%; (5) reduced tolerance to alcohol = 35.9% and 12.5%; and (6) preoccupation with these symptoms and fear of permanent brain damage = 76.6% and 26.6%. The majority of the sample (89.1%) endorsed three or more ICD-10 Category C symptoms, with 57.8% endorsing these symptom categories at a clinically significant level.
Discussion
The results of this study are striking. Approximately 9 out of 10 patients with depression met liberal self-report criteria for a postconcussion syndrome and more than 5 out of 10 met conservative criteria for the diagnosis. The current study is the most methodologically rigorous study to date relating to the potential for misdiagnosing persistent postconcussion syndrome in patients with depression.
Clearly, postconcussion-like symptoms were extremely common in this sample of depressed patients. This is consistent with previous studies that have reported at least moderate correlations between postconcussion-like symptoms and depression (Sawchyn et al., 2000; Trahan et al., 2001) or life stress (Machulda et al., 1998) . These current results supplement past research that also reported high endorsement rates of postconcussion-like symptoms in normal populations (e.g., Gouvier et al., 1988; Iverson & Lange, 2003; Wang et al., 2000) , and in non-MTBI patient samples (e.g., Iverson & McCracken, 1997; Lees-Haley & Brown, 1993) .
These findings emphasize the necessity to consider depression as an important factor in the differential diagnostic process. If the clinician simply takes mild level symptom endorsement at face value when diagnosing a persistent postconcussion syndrome, then 85.9% of this sample met DSM-IV criteria and 89.1% met ICD-10 criteria. Even if the clinician requires the patient to endorse each category of symptoms at a moderate-severe level, 53.1% met DSM-IV criteria and 57.8% met ICD-10 criteria.
The presence of depression in a person with a history of traumatic brain injury presents an obvious challenge if one attempts to diagnose a persistent postconcussion syndrome given the overlap in symptoms. Certainly, depression is relatively common in patients with traumatic brain injuries (Kreutzer, Seel, & Gourley, 2001; Seel et al., 2003) , although it is not necessarily more common in these patients than in patients with general trauma (Levin et al., 2001) . Depression is also common in persons with chronic pain (Atkinson, Slater, Patterson, Grant, & Garfin, 1991; Campbell, Clauw, & Keefe, 2003) , and it is associated with increased disability in these patients (Ericsson et al., 2002; Wilson, Eriksson, D'Eon, Mikail, & Emery, 2002) . Therefore, patients seen long after a mild traumatic brain injury who have chronic pain, depression, or both are very likely to meet diagnostic criteria for a persistent postconcussion syndrome, even if the problems associated with the mild traumatic brain injury have long-since resolved. Factors that might cause or maintain the reporting of postconcussion or postconcussion-like symptoms are presented in Table 4 .
In forensic settings, differential diagnosis and causation are both critically important. People with mild traumatic brain injuries are very likely to recover within weeks or months, and problems persisting beyond one year should be considered a low probability event. In contrast, a person who is currently depressed, experiencing chronic pain, or both is very likely to report the same symptoms that are reported by patients with mild traumatic brain injuries in the initial days and weeks following the injury. When seeing a person long after an injury, the clinician or forensic examiner must decide whether the current reported symptoms are caused by a low probability factor (the biological consequences of a remote mild traumatic brain injury) or a high probability factor (the presence of current depression, chronic pain, or both). The clinician or forensic examiner who diagnoses persistent postconcussion syndrome in a patient with comorbid depression, chronic pain, or both might be criticized for using primitive logic, such a "post hoc ergo propter hoc" (after this, therefore because of this). Therefore, the clinician should have considerable evidence to support this diagnosis.
It would be naïve and biased to assume that (a) because the vast majority of people who sustain uncomplicated mild traumatic brain injuries recover fully, the fact that a person continues to report symptoms two years post-injury indicates that he is exaggerating (or malingering), or (b) because a person currently reports a variety of "postconcussion" symptoms, he continues to be partially disabled from the effects of his mild traumatic brain injury. These are polarized and unscientific positions. In many cases, a plaintiff who sustains a mild traumatic brain injury experiences postconcussion symptoms for days, weeks, or months. The question, of course, is whether the self-reported experience of these symptoms years after the injury (a) is an accurate representation of the person's "true" experience of the symptoms (i.e., was the endorsement exaggerated?), and (b) is proximally-related to the remote injury. It is quite clear, by direct inference from the literature to clinical practice, that many patients who appear to have persisting symptoms and problems due to remote mild traumatic brain injury actually have these problems due to something else, such as chronic pain, depression, or both. This is an extremely difficult area of study. Clearly, much research is needed to understand symptom reporting in head injury litigants. There is no doubt that "postconcussion" symptoms are experienced in the general population and, to a much greater degree, in persons with depression, general psychological distress, or chronic pain. Frankly, the extent to which these symptoms are due to the biological effects of remote mild traumatic brain injuries is unknown.
